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Abstract
In this thesis Saraga's design method for insertion loss filters
is investigated, and an attempt made to assess its practicality. The
desfcja 
basic filtery(method (Darlington, Cauer) leads to numerical accuracy
problems. Accepted methods for dealing with inaccuracy either replace 
the independent variable (frequency) by the more suitable "z-variable" 
(Szentirmai, Bingham) or introduce rules for polynomial manipulation 
based on multiplication in preference to summation (Musson, Norek). In 
contrast to these approaches, Saraga chooses the dependent variables 
(network functions) so as to avoid "incompatibilities". Saraga's method, 
applicable so far only to symmetrical filters (i.e. of odd degree n), had 
in the past been investigated only for n=7. In this thesis the mathematical 
results obtained by Saraga are extended and generalised^
practical design
tests carried out for n=7(using artificially introduced inaccuracies to 
test the power of the method to overcome inaccuracies) are supplemented 
and extended to n=9. Various ways of comparing the practical results 
of different methods for overcoming numerical accuracy problems are 
discussed, and one particular method is chosen: to use the different 
methods to design the same nominal filter, with the same numerical 
accuracy which is reduced until one method breaks down. A comparison 
of Saraga's method with Szentirmai's/Bingham 1 s is carried out (and also
with Orchard's earlier method). The results are not conclusive; other
of co^ipansot
methods/may have to be used and the comparison will have to be applied
to other filters (proposals for further work are made). Some programs 
developed previously (in a now obsolete language) had to be rewritten 
and some new filter design programs had to be developed. A sub-program 
for adjusting the numerical accuracy of any design program to a specified 
number of significant figures was also developed.
1. Introduction,
1.1. The computing accuracy required in the design of electric 
filter networks.
Electric filter networks have been used for signal processing 
in communications systems for many years. In the early days 
filters were designed semi-intuitively and later by means of the 
image parameter theory which frequently required trial-and-error 
modifications to be made to laboratory models. Today, exacting 
filters are usually designed using the insertion loss method, 
which involves sophisticated mathematics and computer programs 
(ref. 1 and ref. 2).
If the design computation is carried out by following 
"directly" the mathematical equations describing the design method, 
numerical difficulties frequently arise. To overcome these, high- 
accuracy arithmetic (20-30 or more significant digits) may have to 
be used, although final values for the elements are usually only 
required to four significant digits. Recent methods have attempted 
to overcome these difficulties in various ways. Two methods are 
in practical use. The method introduced by Szentirmai (ref. 3) and 
by Bingham (ref. 4) changes the square of the complex frequency 
variable p (the independent variable) by a bilinear transformation 
to avoid the clustering around certain points in the p-plane of 
the poles and zeros of the insertion voltage ratio, which is one 
of the causes of the inaccuracies in the direct method; the 
second method,introduced by Norek (ref. 5) and by Musson 
(ref. 6), uses polynomials as products of factors instead of in 
summation form* to avoid the loss of accuracy in the numerical 
evaluation of a polynomial near its zeros. A third method
* see footnote on next page.
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proposed by Saraga (ref. 7) accepts that certain numerical 
values will be obtained inaccurately but reduces the required 
degree of accuracy by avoiding conflicting inaccuracies i.e. 
by avoiding incompatibilities as will be explained later. This 
method has so far been developed only for filters of order n=5 
and n=7 but has not yet been fully investigated as far as its 
practical application is concerned.
1.2. The aim of this investigation.
The aim of the present research is to further investigate 
and develop Saraga' s method and to study its practical value. 
Because preliminary investigations yielded encouraging results, 
it was decided to compare it with some of the established methods 
in order to assess its value for practical design purposes.
To set this in context, it is necessary to describe Saraga 1 s 
method in some detail; and this has to be done against the back- 
ground of the conventional insertion-loss design procedure.
1.3. Conventional insertion-loss filter design.
The loss, as a function of the frequency f, is considered 
here for a passive, purely-reactive, filter network, resistively
footnote from previous page. 
*A polynomial A(p) in summation form is
n 
A(p)=a0 +a p+a p 2+ ... +a.pL+ . . .*a pn = / a.p
s\ j~
where a , a , a , ... a., ... a are constant coefficients. The
same polynomial in product form is
A(p)=C(p-p 1 )(p-p 0 ) ... (p-p.) ... (p-p)=C TT(p-p.)
1=1
C being constant and p , p , ... p., ... p being the zeros of A(p)
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terminated at both ports. The function of interest is the voltage 
insertion ratio H(p) defined in the figure below, where p is the 
normalised complex frequency variable
a) =2irf 
r r
and f is a conveniently chosen reference frequency (e.g. the 
end of the passband).
V0
\ f
- 
i
\ 
\f
V 9 (p)
'\
20
For symmetrical filters R is chosen to be equal to IL (for a 
definition of symmetry see page 6 ).
H(p) is a real rational function of p with zeros only in the
left half of the p-plane. The loss L (in dB) is defined by
L=10 log10 H(p)H(-p) p=jio/u) (1.1)
A second real rational function, the "characteristic function",
^ 
K(p) is introduced by the equation
H(p)H(-p)=l+K(p)K(-p) (1.2) 
To make possible the realisation of the filter in ladder form, it
is necessary that the poles of K(p), which are identical
with the poles of H(p), lie on the imaginary p-axis, i.e. the real
frequency axis, and they will have been chosen as conjugate pairs, 
or at infinity, or at zero.
Symmetrical filters (i.e. filters which are electrically 
- not necessarily structurally - symmetrical with respect to the 
input port and the output port) only will be considered. In this 
case K(p) is an odd real rational function of p and equation (1.2) 
becomes
H(p)H(-p)=l-K2 (p) = [l+K(p)] [l-K(p)J (1.3) 
Thus equation (1.1) can also be written in the form
L-10 log l-K2 (p)
P=JU)/U)
(1.4)
r
The conventional design procedure consists of two stages,
approximation and synthesis:- 
(i) Approximation.
The design specification is most often stated in terms of a 
permissible maximum loss in the passband and of loss minima in the 
stopband. The usual procedure is to find, analytically, graphically 
or by a computational trial-and-error process (optimisation), a 
suitable function K(p) which, via equation (1.4), satisfies the 
loss specification.
The approximation stage is not the subject of this research 
and it will be assumed that a suitable K(p) function is given, 
(ii) Synthesis.
(a) Determination of open- and short-circuit impedances from K(p). 
K(p) can be written in the form
K(p)=N(p)/D(p) (1.5) 
where N(p) and D(p) are real polynomials in p and must be relatively 
prime. One of them must be odd and the other even; usually D(p) is
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